A mild and efficient chemospecific method has been developed for the preparation of organophosphorus compounds, in good yields, through the reaction of 2-bromoacetamide or ethyl phenylcarbamate with PPh 3 in the presence of activated acetylenic esters.
Introduction
Organophosphorus compounds have emerged as important reagents and intermediates in organic synthesis. 1 An important group of this class is phosphorus ylides, which have been used in many reactions and synthesis of organic compounds. [2] [3] [4] [5] [6] [7] [8] The prominent role of these compounds is to convert the carbonyl groups to carbon-carbon double bonds. 9, 10 From the large number of methods available for the synthesis of phosphorus ylides, the most important involve the reaction of a phosphonium salt with a base. 11, 12 In recent years a method has been developed for the preparation of this family by using a novel approach employing vinyl phosphonium salts. [13] [14] [15] [16] Although this method is successful for the preparation of phosphorus ylides and 1,4-di-ionic organophosphorus compounds 17 from one CH-acid or NH 2 groups 18, 19 there are few reports on the chemoselectivity and chemospecific synthesis of these compounds. 20 Hence, a convenient chemospecific synthesis of phosphorus compounds in general, and functionalized phosphorus ylides in particular, continues to be a challenging task. We have found that 2-bromoacetamide reacts with triphenylphosphine in the presence of acetylenic esters to produce stable α-amido phosphorus ylides in a chemospecific manner, with the CH 2 Br moiety remaining intact. The α-amido phosphorus ylides have also been prepared by reaction of triphenylphosphine with ethyl phenylcarbamate as an amido group, in the presence of dialkyl acetylenedicarboxylates.
Results and Discussion
Both neutral and anionic phosphorus compounds are good nucleophiles 21 toward alkyl halides and α-halocarbonyl compounds. The reaction of some α-halocarbonyl compounds such as α-bromoketones with phosphines and phosphate can take an alternative course in which phosphorus attacks halogen, with the formation, respectively, of an enolate or an enol phosphate. 22, 23 Also, the nucleophilic substitution reactions by a phosphorus atom can occur at an sp 3 -carbon bearing halogen, and are most valuable for synthesis. 21 When a synthesis is being undertaken with several sensitive functional groups present in the molecule, or with several sensitive molecules, milder reagents and reaction conditions may be necessary. As a result, many alternative methods for effecting syntheses of phosphorus ylides from carbonyl compounds have been developed. It is worth mentioning that although the reaction of PPh 3 with compounds containing halogen groups, such as α-bromoketones, 22 carbon tetrachloride, and hexachloroacetone, [23] [24] [25] [26] has been reported in the literature, we have not observed products derived from nucleophilic attack of the PPh 3 at the CH 2 Br group in 2-bromoacetamide. Apparently, under the present reaction conditions the phosphonium ion 3, which is conjugated with an α,β-unsaturated ester, is formed faster than salt 4, and the compound 5 is formed in a chemospecific manner (Scheme 1). In order to investigate chemospecific reactions of carbamate for the preparation of phosphorus ylides, the reaction of ethyl phenylcarbamate with acetylenic esters was carried out in the presence of triphenylphosphine. The reaction of ethyl phenylcarbamate 6 with dialkyl acetylenedicarboxylate takes place with formation of an intermediate, A. As shown in Scheme 2, combination of the ambident anion with phosphonium ion should provide compounds 7 and 8. We expected 8 to be formed as the major product due to its high electron density at the oxygen, but 7 was formed as the only product. The two different reaction pathways are dependent on the strength or weakness of the nucleophile, as well as its softness or hardness as a base, as defined by the 'hard and soft acids and bases (HSAB) principle'. 27, 28 Under the present conditions the compound 7 is formed in a chemospecific manner.
Compounds 5a-b and 7a-b were characterized on the basis of their 1 H-and 13 C NMR, IR, and elemental analysis data, which are consistent with the presence of two rotational isomers. The ylide moiety in these compounds is strongly conjugated with the adjacent carbonyl group, and rotation about the partial double bond in the 5-(E), 5-(Z) and 7-(E), 7-(Z) geometrical isomers is slow at room temperature (Scheme 3). H NMR spectrum of compound 7a showed four sharp lines due to the methoxy protons at δ= 2.88, 3.11, 3.77 and 3.86, along with a signal for methine protons at δ= 4.94. The protons of ethyl group appeared as a triplet at δ= 1.00 ( 3 J HH 7.1 Hz) and a multiplet at δ= 3.97-4.01. The aromatic protons appear as a multiplet at δ= 7.26-7.59 (see Experimental Section).
Conclusions
In conclusion, we have demonstrated that the reaction of triphenylphosphine with acetylenic esters in the presence of a compound containing several functional groups can be performed in a chemospecific manner, and the corresponding phosphorus ylides can be synthesized in good yields under mild conditions.
